We numerically simulate silicon-based waveguideconpled plmar square microcavities with embedded Our two-dimensional f~te-difference time-domain simulations reveal quasi-periodic Dispersion-based phenomena in photonic crystals (PCs) as an optical guiding mechanism, such as self-collimation The intensity enhancement in the air holes can approach two orders of magnitude with a larger lattice dimension.
time-domain (FDTD) simulation tool [5] to calculate the transmission spectra and the mode-field patterns of the waveguide-coupled PCEMs.
The intensity enhancement in the air holes can approach two orders of magnitude with a larger lattice dimension.
We find that the coupled modes are limited within the first band of the PC.
Figure 1 (a) shows a schematic of the PCEM evanescently side-coupled with a submicrometer silicon waveguide. An N x N (N = 6) 2-D square lattice of air holes with lattice periodicity U and hole radius r 0.3 U is embedded in a silicon square microcavity of size L. It has been recognized that light can be partially confined in a square microcavity by total intemal reflection at the cavity sidewalls [6] . High-Q resonances can be excited only when the cavity wave satisfies the wavefront-matching condition upon traveling each cavity round trip. However, square microcavities are typically multimode [6] with round-trip ray orbits dispersed over a range of propagation directions in the bulk medium ( Fig. 1 (b) ). Whereas we expect PCEM resonances can be excited in a similar manner, the major advantage of PCEM is that the cavity lightwave can be coherently scattered and guided in a particular direction governed by the PC dispersion relation. Hence, almost single set of resonance round-trip ray Figures 2 (a) and 2 (b) show the FDTD-calculated TE-polarized (E-field in-plane) transmission spectra of a waveguide-coupled 6x6 PCEM and of a waveguide-coupled square microcavity of the same L as the PCEM. The PCEM transmission spectrum is nearly single-mode, while the square microcavity spec!" is multimode. For the 6x6 PCEM, only 4 pronounced quasi-periodic resonances are efficiently input coupled within the entire spectrum.
The highest frequency mode & has the highest Q z 1,200 and a coupling efficiency of about 70 %. Figure 2 (c) shows the & mode-field pattem, which has a 6x6 lattice of field extrema conhed in the air holes and evolves in a standing-wave-like manner. This t p e of square-lattice mode-field pattem resembles that of the square microcavity normal mode (mr,ms) = (6,6) ( Fig. 2 (e) ), where m, and m, are integer numbers of field extrema along the x and y directions [6] . Mode & has a maximum intemal intensity of about 8 times of the input intensity at the PCEM center air holes (Fig. 2 (d) ), whereas the square microcavity mode (6,6) only has an order of unity internal intensity enhancement ( Fig. 2 (0) . We remark that Xu et al. [7] has also recently reported a similar phenomenon of localized intensity enhancement in nanometer-size low-index materials.
We also investigate the resonance transmission characteristics with a larger lattice dimension N = 1 I, as shown in Fig. 3 (a) . Note that the corresponding cavity size L also increases. The number of coupled modes increases by a factor of three as compared with that of N = 6. The highest fiequency mode All has a high Q-factor exceeding 7,000 with a coupling efficiency of about 95 %. Note that mode All is very near to and below the band-edge frequency (a/,? = 0.219, dashed line) of the infinite PC's fmt band. It is expected that when N increases, the dispersion characteristics approach that of an infinite PC. In summary, we numerically demonstrate that high refiactive-index contrast waveguide-coupled PCEMs possess quasi-periodic high-Q resonance modes that are guided by the PC dispersion and partially confined by the microcavity sidewalls.
The highest frequency mode near the PC bandedge displays a square lattice of mode field pattem with a large intensity enhancement in the submicrometer air holes. For a large-size PCEM, the highest frequency mode has a maximum of about two orders of magnitude intensity enhancement, a relatively large input coupling efficiency exceeding 90 %, and a high Q of about 7,000. At present, we are optimizing the waveguide-coupled PCEM design and fabricating the devices on thin-film silicon-on-insulator (SOI) substrates for experimental confmation. We envision PCEMs can find important applications as WDM filters, micro-lasers, biosensors and non-linear optics devices.
